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Introduction
Several are the benefits of the use of denture adhesives. These adhesives improve the quality of life of complete denture wearers regarding adaptation, stability, retention, and comfort because these materials can significantly reduce the movement of complete dentures, and provide greater ability to chew and speak [1] [2] [3] [4] [5] . The adhesives also act as psychological support to complete denture wearers, promoting greater self-confidence in their use [3, [6] [7] [8] [9] . However, many professionals still hesitate to openly recommend denture adhesives because they believe it represents unsuccessful treatment with complete dentures [1, 2, 6, 7] .
Denture stomatitis, a fungal infection that affects many complete denture wearers, presents multifactorial etiology and has poor oral hygiene as a major predisposing factor [10] [11] [12] . Lack of proper care is pointed out as one of the main contributors to the maintenance of Candida spp. in this niche, and, therefore, influence the virulence potential of these fungi [12] . Moreover, the acrylic resin used in complete dentures manufacture presents surface roughness, which often facilitates microbial adhesion and biofilm development when there is precarious hygiene [10] . Among the strategies available to treat denture stomatitis include oral hygiene instruction for complete denture wearers [10] [11] [12] , the removal of the dentures during sleep, and prescription of antifungals and antiseptics or disinfectants [12] . Currently, the use of probiotics for combating the exacerbated growth of Candida species has been speculated in the literature as a coadjuvant of conventional treatment [13] . Probiotics refer to selected strains which are considered as supplements of live microorganisms with a beneficial effect on the host organism.
The association of probiotic species, especially Lactobacillus, to Candida species has become the target of several current studies that aim for the inhibition of fungal growth [13] [14] [15] [16] [17] [18] [19] [20] [21] . For example, the daily consumption of two experimental kinds of cheese supplemented with probiotics (Lactobacillus acidophilus NCFM or Lactobacillus rhamnosus Lr-32) was effective in inhibiting oral colonization of Candida spp. in complete denture wearers [17] . Furthermore, the strains Lactobacillus rhamnosus HS111 and Lactobacillus acidophillus HS101 were also probiotic species effective in the treatment of candidiasis of complete denture wearers [15] . Not only in the dental area, but also in gynecology, there is interest in the subject [22] [23] [24] since the uncontrolled growth of Candida species is also responsible for gynecological infections. However, studies employing the pathogenic Lactobacillus species in the treatment of Candida infections are scarce [25] [26] [27] .
A recent study [27] found a correlation between the Candida species and the pathogenic Lactobacillus; this is evidence that the development of denture stomatitis is more complex than a single fungal infection. According to these authors, both fungi and bacteria play an evident role in the progression of denture stomatitis. Moreover, the Lactobacillus species seem to play an important role in the development of denture stomatitis [26] , and the pathogenic Lactobacillus isolated from the oral cavity can inhibit the growth of C. albicans through the production of hydrogen peroxide [25] .
Further research on the relationship between Candida spp. and Lactobacillus spp. is necessary to provide greater evidence and clarification on the subject. Moreover, the consequence of the use of denture adhesives with different physical forms of presentation on microbial growth may help to clarify whether these materials influence the interaction between these species. The knowledge of these interactions is essential not only for a better understanding of the pathobiology of microbial infections and interactions but also for the formulation of new strategies and composition of antimicrobial agents that can combat such infections, especially in adhesives used in prosthetic rehabilitation. Therefore, the purpose of the present study was to verify whether the adhesives Ultra Corega Cream and Corega Strip denture adhesives interfere in the adhesion and biofilm formation by Candida albicans and Lactobacillus casei in singleand mixed-species settings and to investigate possible synergistic or antagonistic relationships between these species.
Material and methods

Preparation of acrylic resin specimens
Specimens (n = 144) were made from metal matrices with ten holes with 15 mm diameter and 3 mm thickness each [28] with Lucitone 550 heat-polymerized acrylic resin (Dentsply International Inc.; USA) for the assays of adhesion and biofilm formation. The surface roughness of the specimens was standardized by the polishing of these with water sandpapers of different granulations (100 and 120, Lixas d' Á gua Norton, 100 grade and 120 grade-T 223, SaintGobain do Brasil Produtos Industriais e para Construção Ltda.; BRAZIL), and measurement of the surface roughness by a digital profilometer (Mytutoyo Corporation, Model SJ 400; USA), thus seeking to reproduce the average internal surface roughness of denture bases [29] . The profilometer resolution was 0.01 μm, stylus speed was 0.5 mm/second, interval (cutoff length) was 0.8 mm, and transverse length was 2.4 mm [30] . Four measurements were made in each specimen, two on each surface. The average of the readings was determined as the roughness value Ra (μm). The specimens used in the present study had an average surface roughness value (Ra) of approximately 3.0 μm (±0.3) [29] . After standardization of the surface roughness, the specimens were disinfected by exposure to ultraviolet light in a vertical laminar flow chamber (Pachane Indústria e Comércio Ltda.; BRAZIL; Model: PA 115, No 12898), on both surfaces for 20 minutes each and then stored for a maximum of 24 hours in sterile disposable petri dishes (Prolab) which were kept sealed until use.
Microbiological analyses
The species C. albicans (strain SC5314) and L. casei (strain ATCC 4646) were used in the present study. The evaluation of the microbial colonization by the species included adhesion and biofilm formation on the substrates. Substrates consisted in specimens made with acrylic resin Without Adhesive (WA), with adhesive Ultra Corega Cream (GlaxoSmithKline Brazil Ltda., BRAZIL; CA) and with adhesive Corega Strips (GlaxoSmithKline Brazil Ltda., BRAZIL; SA). Table 1 shows the composition, manufacturer, and batch of the denture adhesives selected for the present study.
Microbial inocula preparation
The microbial strains used were kept frozen at -80˚C and reactivated for use on blood agar plates (Laborclin). The plates were incubated at 37˚C in 5% CO 2 for 48 hours. Blood agar plates were used because the colonies from the strains used can be visually differentiated in this culture medium (S1 and S2 Figs). After this period, five colonies of each strain were transferred separately to Tryptone and Yeast Extract (TYE) liquid culture medium supplemented with 1% glucose. These starter cultures were incubated for 16 hours at 37˚C and with a 5% CO 2 environment. The starter cultures were diluted 1:20 and 1:40 in TYE + 1% glucose medium, and incubated until reaching Optical Density (OD) corresponding to the mid-log growth phase which was previously determined (OD 540nm = 0.719 ± 0.181 and approximately 8 hours for L. casei, and OD 540nm = 0.97 ± 0.03 and approximately 6 hours for C. albicans). The OD was verified via a spectrophotometer (CMC Laboratório Ltda.; BRAZIL). The two dilutions were made for each microorganism to allow the selection of one tube per strain, thus ensuring that the dilution with ideal OD was used for the preparation of the inocula. The chosen tubes were centrifuged (Centrifugal Eppendorf AG, model 5810R) for 20 minutes (4000 RPM / 4˚C). The supernatant was discarded and the same volume of new medium (TYE + 1% glucose) was added, obtaining a microbial concentration of 1x10 6 
Adhesives application
The amount of both products (Ultra Corega cream and Corega Strips) in each specimen was standardized as approximately 0.050 grams. CA was applied and spread homogeneously directly on the surface of the specimens, forming a thin layer on the surface [7, 8, 31] . The SA was cut, moistened with sterilized Milli-q water and applied on the surface of the specimens [7, 8, 31] . The process of applying the adhesives to the specimens was done inside the vertical laminar flow chamber, ensuring an aseptic environment. After application, all specimens were again subjected to ultraviolet light exposure for 20 minutes to disinfect the applied adhesives.
Collection and preparation of saliva
Whole stimulated human saliva was used to incubate the specimens for salivary pellicle formation. The present study was approved by the Institutional Ethical Committee of Araraquara Dental School, Univ Estadual Paulista, UNESP, under registration CAAE: 36069714.7.00 00.5416). After an explanation of study procedures, participants needed to explicitly express their desire to participe and sign an informed written consent form. Stimulated saliva was collected from two volunteers (28 year old male; 38 year old female) who had not eaten for at least two hours before the collection, neither used toothpaste with any active principle other than fluoride or mouthwash with antiseptic substances. Moreover, volunteers did not undergo antimicrobial treatments three months before saliva donation. Saliva was stimulated by chewing a piece of parafilm by the volunteers. A total of 200 mL of saliva was collected in polypropylene tubes. The saliva was then mixed with adsorption buffer (AB buffer-0.05 M KCl; 0.02 M KPO 4 ; 0.02 M CaCl 2 ; 0.02 M MgCl 2 ) in a proportion of 1:1 (v/v) and 0.1 M PMSF (phenylmethylsulfonyl fluoride, Sigma) was added to a ratio of 1:1000 (0.1 mM PMSF as final concentration). The contents were centrifuged for 10 minutes to 4000 RPM and 4˚C. The supernatant was collected (fully clarified saliva) and filtered using a 0.22 μm low protein binding polyethersulfone membrane filter (Rapid Flow, Nalgene). The saliva remained stored at -80ºC until use.
The specimens of all experimental situations (WA, CA and SA) were transferred to 24-well microtiter plates, one disk per well. Next, one mL of sterile saliva was added to each well and the plates were incubated for 30 minutes at 37˚C for salivary pellicle formation. After this time, the saliva was removed, and the disks were rinsed with AB buffer.
Adhesion assays
A volume of one mL of each inoculum (1x10 6 CFU/mL) was transferred to each well of the microplate containing the distinct specimens, being the inocula with different groups of microorganisms divided as seen in Fig 1 . The microplate was incubated for 90 minutes (37˚C and 5% CO 2 ) and then the specimens were gently rinsed with saline (0.89% NaCl) to remove any unbound cell. Next, the samples Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei were processed for the quantification of each microorganism adhered to the surfaces by counting the CFU per mL. 90 minutes is the time that characterizes the phase of microbial adhesion. Thus, we considered it was a relevant period for the microbial evaluation since many patients use denture adhesives over this period without replacing them, considering that these products are effective until 3 hours post-insertion [32] .
Specifically, each specimen was transferred individually into sterile glass test tubes with two mL of saline (0.89% NaCl) inside with sterile clinical tweezers and in an aseptic environment. The test tubes were sonicated for 11 minutes to remove the adhered cells, followed by 10-fold serial dilution of the microbial suspension per specimen. Serial dilutions of 10 −1 to 10 −3 were made. Dilutions were seeded in blood agar plates by the drop technique (10 μL), and these were incubated for 48 hours at 37ºC in a 5% CO 2 environment and then the number of CFUs were quantified.
Biofilm formation assays
After the incubation period of 90 minutes (i.e., microbial adhesion phase), to evaluate the biofilm formation, the culture medium (TYE + 1% glucose) was exchanged, and the specimens with the adhered microorganisms remained incubated for an additional 24 hours. Thereafter, Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei the specimens with biofilm were processed in the same manner as described for the adhesion assays, except for the serial dilutions, which were plated up to 10
. Two replicates were performed per experimental condition in each microplate, considering the different inoculums of microorganisms, the adhesives tested and the proposed assays (adhesion and biofilm formation). Four experiments were carried out on different occasions, totaling an n of 144 and an n of 8 specimens per experimental condition.
Specimens characterization by Scanning Electron Microscopy (SEM)
SEM was used to observe the adhesion pattern of the cells and the biofilm architecture formed in each experimental condition. After the incubation period, the non-adhered cells were removed by rinsing with saline (0.89% NaCl) and then procedures were performed to fix the adhered cells through immersion of the specimens in 4% paraformaldehyde for 1 hour and subsequently in 70%, 80%, 90% and 99% alcohol solution for 20 minutes each. Washing and immersion procedures were done by moving the specimens from microplate to microplate with distinct solutions, being careful not to remove the cells and to promote the best possible fixation in an aseptic environment. After the fixation process, the specimens were kept in a desiccator for five days for total evaporation of any moisture present in the samples.
During the analysis under the microscope (model JSM-6610LV; Jeol; USA), it was observed that the adhesion samples were hampered by technical problems during the processing, so that Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei the microorganisms could not be found on the surface of the specimens even after repeating the protocol, probably because they were removed from the surface during the wash and rinse. Thus, in the biofilm samples, it was sought to select regions representative of what was generally found on each specimens' surfaces.
Statistical analysis
For the CFU count analysis per microorganism (by surface), the obtained data were initially tabulated, and the means, standard deviation, and coefficient of variation were calculated. The data were transformed into log values for better visualization of the results. The normal data distribution was verified, and analysis of variance by two-way ANOVA was employed. Since a significant difference between the groups was indicated, the Tukey's test for multiple comparisons was used. A significance level of 0.05 was obeyed for all comparisons regardless of the variable (microbial species and substrate). All tests were conducted using the GraphPad Prism 7 (version 7.03).
Results
Microbial population in adhesion and biofilm via CFU quantification
The data concerning the descriptive statistics (mean and standard) for the experimental situations of adhesion and biofilm were tabulated and are represented by Figs 2 and 3. After Regarding adhesion, L. casei, in general, does not differ its adhesion rate when denture adhesives are used. In a single exception, L. casei (mixed-species) adhered more on the WA than on the CA, but there were no differences in the amount of adhered cells between the two adhesives tested. C. albicans (single-and mixed-species) adhered more on SA. Moreover, C. albicans single-and mixed-species adhered more when compared to L. casei single-and mixed-species. In all situations (WA, CA and SA), the same species was always compared in its single-and mixed-species situation, and no statistically significant difference was observed.
For biofilm formation, L. casei (single-species) grew more as a biofilm on WA, and in mixed-species cultivation, no difference in its growth was observed between the distinct surfaces. C. albicans single-species formed more biofilm on SA than on CA; however, there was no statistically significant difference between SA and WA or between CA and WA. C. albicans mixed-species presented lower biofilm formation in CA, showing no difference between SA and WA. C. albicans (single-and mixed-species) formed more biofilm than L. casei (single-or mixed-species). It was observed that in almost all situations (WA, CA and SA) when the same species was compared in its single-and mixed-species situation, no statistically significant Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei difference was observed. The only exception was L. casei in the WA cultivation when a higher biofilm formation in the single-species was observed than in the mixed-species.
SEM characterization
For standardization, images aiming to visualize C. albicans species were made with 1000 x approximation, as seen in Figs 4-9, and images in which the objective was the visualization of the L. casei species were done with 2500 x approximation, as seen in Figs 10-15 .
Images of the CA specimens, in general, presented with a "blurred" pattern, are seen in Figs 4, 7, 10 and 13. This observation was probably due to the components of this adhesive, more specifically mineral oil and petroleum jelly, moisturizing and lubricating components, which are not found in the SA composition. Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei single-species WA), but also some extensions (formation of hyphae or pseudohyphae, indicated by red arrows) are observed. Areas with no microbial development are also observed.
The characteristic "blurry" pattern of the samples with the CA is observed in Fig 10 ( L. casei single-species with CA), being difficult to visualize the morphology of the bacterial cells despite the approximation of 2500 x, although it is possible to observe agglomerates (microcolonies indicated by red arrows).
In the L. casei single-species biofilm formed with the SA, as seen in Fig 11, it is not possible to observe defined cells, but there are areas with a "rough" appearance (indicated by red circles), where it is possible that there are bacteria "covered" by the adhesive (cells localized below the surface). Fig 12 (L. casei single-species WA) shows bacterial cells organized as a "carpet" on the surface with "peaks" and "valleys" regions which can be visualized because of the surface roughness of the material. There are also areas with an extracellular matrix (visualized as a "net" of polymeric material covering the cells-red arrows). Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei microcolony (red circle) . Fig 8 (C. albicans mixed-species with the SA) shows yeasts enveloped by a "matrix" (SA), and there are some cell extensions in isolated regions (suggestive of hyphal formation indicated by red arrows). A higher number of cells are observed compared to the image made with the CA, which corroborates with the CFU count.
Despite the greater approximation, it is not possible to observe L. casei cells in Fig 14 ( L. casei mixed-species with SA) which are "covered" by the adhesive, probably due to the bacterias size.
Despite the greater approximation, it is not possible to observe L. casei cells in Fig 14 ( L. casei mixed-species with SA) which are "covered" by the adhesive, probably due to the bacterias size. Only yeasts are identified, following the same pattern observed in the 1000 x approximation shown in Fig 8. Fig 9 (C. albicans mixed-species WA) shows yeasts in isolated regions (red arrows indicate some), and there are also areas without microbial colonization. Fig 15 (L. casei mixed-species WA) shows L. casei (red arrows), yeasts (yellow arrows), as well as prolonged cells, characteristic of hyphae (blue circles). There are also areas without microbial colonization. No indicative of a relationship between the microbial species is observed, although the two species can be identified and morphologically differentiated.
Discussion
Currently, dentistry has advanced techniques and materials that can be used according to each clinical case peculiarities aiming at restoring the loss of dental elements, but the use of Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei conventional complete dentures in oral rehabilitation of completely edentulous patients is still a reality, because of the low cost, systemic limitations or individual choice [33] . Often as an adjuvant of the treatment with conventional complete dentures, denture adhesives may help to increase the retention, and consequently, the overall complete dentures performance by increasing the viscosity of saliva between the complete denture base and the mucosa [6, 8, 9] .
It has been reported that surface characteristics, as surface topography and roughness, are critical factors for adhesion of microrganisms and biofilm formation, mainly Candida species [29, 34, 35] . The use of denture adhesives alters the surface topography of acrylic surfaces [36] , which might explain the results of this in vitro study. The two denture adhesives tested increased the adhesion of C. albicans.
Regarding the type of denture adhesive, the biofilm formation by C. albicans (single-and mixed-species) was increased on the SA. Denture adhesives can be categorized into soluble (creams, powders and pastes) and insoluble groups (pads and strips). The strips-type denture adhesives (SA) are composed of insoluble polypropylene and cellulose laminae with addition of ethylene oxide and/or sodium alginate, which become viscous when they absorb water from the saliva [37] . This fact could have influenced the biofilm formation of C. albicans (singleand mixed-species) in this study, which adhered more in the SA (insoluble) than the CA (soluble). The results of the present study reinforces that the use of denture adhesives inhibited the L. casei growth, since it has been observed that L. casei, in general, does not differ its adhesion when adhesives are used. In a single exception, in mixed-species culture, L. casei adhered more with the WA than with the CA. In addition, the qualitative evaluation (SEM images) corroborates to hypothesize that the use of denture adhesives reduced the microbial growth of the evaluated species.
In both assays of the present study, adhesion and biofilm formation, it was observed that in almost all situations (WA, CA and SA), when the same species was compared in its single-and mixed-species situation, no statistically significant difference was observed, thus reflecting that, in general, no relationship of synergism or antagonism was observed between the two microorganisms. The only exception was L. casei in biofilm formation WA, where a more significan growth in single-than in mixed-species was observed, which may suggest an antagonistic action of the fungus on the bacterial growth only in this experimental situation.
Furthermore, it was observed that C. albicans, both as single-and as mixed-species, adhered more in the SA than the WA or CA. Such finding contrasts with a recent study that observed antifungal effects in three physical forms of denture adhesives, and even prolonged effect on the strips adhesive [38] . However, the adhesives trademark used in that study present antimicrobial agents in their composition, which explains the results discrepancy. The inclusion of Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei antimicrobial components in denture adhesives is a relevant recommendation to the manufacturers of these products [39] .
L. casei single-species formed more WA biofilm; however, in their mixed-species cultivation, no difference in growth was observed between the three situations. C. albicans (singleand mixed-species) formed more biofilm with the SA than with the CA, and there was no difference between the SA and WA. The colonization profile, including the adhesion pattern on a surface or the morphology of biofilms formed on different surfaces, can be analyzed by fluorescence microscopy, SEM or laser confocal microscopy [40] . In the present study, SEM was chosen because the material used in the specimens' manufacture (acrylic resin) has a high fluorescence index and has the incorporation of fluorophores as a characteristic (due to their porosity), which would hinder the analysis if another option were chosen.
A relevant data from the qualitative evaluation was that, during biofilm formation on the WA, both L. casei and C. albicans single-species appeared to have a more intense visual development, which was characterized by the formation of polymeric material by L. casei and hyphae formation by C. albicans. The C. albicans hyphae formation is a characteristic related to tissue invasion, which can cause higher damage to the host and represents an essential step in the candidiasis pathogenesis [41] . Although several studies suggest that different probiotic species of Lactobacillus can directly or indirectly act in the fight against Candida infections [14, [16] [17] [18] [19] [20] [22] [23] [24] 42] , the present study did not show results suggestive of C. albicans (strain SC5314) inhibition by the bacterial strain studied (L. casei ATCC4646), either quantitatively or by SEM analysis. Such results can be explained due to the use, in the present study, of a specific pathogenic bacterial strain with no probiotic capacity demonstrated until then, despite the inhibitory effect of another strain of L. casei previously reported [20] . In contrast, it was reported by Orsi et al. [42] that certain species of oral Lactobacillus (namely L. casei) demonstrated a stimulatory effect on C. albicans hyphal growth, impairing the biofilm development.
It is known that there is an association between Candida spp. and Lactobacillus spp. in the development of denture stomatitis, as demonstrated in clinical samples [27] . Therefore, the choice of strains for in vivo studies that aim to confirm probiotic action requires exhaustive execution of in vitro studies to determine the best strains with such potential, as well as for such strains not to promote Candida spp. virulence but the desired effect of decreasing or inhibiting the pathogenicity of these fungi.
In general, it was also observed that the fungus developed quantitatively superior to the bacterial species, confirming the C. albicans capacity of adhesion and proliferation in denture Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei materials or hard and soft tissues in the oral cavity [11] , as well as the production of complex and heterogeneous biofilm [12, 43] .
Some of the results found in the quantitative analyses of the present study were reinforced after the characterization of the experimental conditions by SEM. It was observed that the L. casei single-species WA formed more biofilm than with adhesives, thus reflecting that the adhesives hindered the growth of the bacterial strain when cultured alone. In addition, C. albicans both single-and mixed-species has formed more biofilm on the SA than on the CA, suggesting that especially in the physical form of strips, the product trademark considers the incorporation of antimicrobials into its composition.
The limitations of this in vitro study were that only one species of Lactobacillus was used, clinical isolates from denture wearers were not tested, and tridimensional imaging of colonization of tested surfaces with denture adhesives, especially CA, was impaired. Moreover, saliva was donated by two healthy non-denture wearers; thus, saliva composition per se could have influenced the colonization, as it may be distinct from partial or total edentulous individuals that use dentures [44, 45] .
Despite the existence of current studies on the role of denture adhesives on fungal development, especially the Candida species [38, 39, [46] [47] [48] [49] , further investigations on the interrelationships between bacteria and fungi are still necessary. Thus, a better understanding of the Denture adhesives and the interrelation between Candida albicans and Lactobacillus casei microbiological interactions in the oral cavity of complete denture wearers, especially when using adhesives, may help to consolidate the information found in the present study.
Conclusions
Within the limitations of the present in vitro study, it was possible to conclude that:
(1) The two denture adhesives tested increased the adhesion of C. albicans but not the L. casei; (2) biofilm formation by C. albicans (single-and mixed-species) was increased on the SA; (3) Relations of synergism or antagonism were not observed between the two microorganisms studied. 
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